The grafts were harvested from the ipsilateral knee. Good to excellent results were obtained for the ankle without adverse effects on the knee. We believe that autologous osteochondral grafting should be considered for the patient with a symptomatic osteochondral defect of the talus.
When operative intervention is chosen, various surgical techniques may be used including internal fixation, excision, excision and curettage with or without drilling, and autologous bone or osteochondral grafting. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The disadvantage of the non-osteochondral grafting procedures is that the defect of hyaline cartilage is replaced by fibrocartilage with comparatively poorer biomechanical properties. 10, 11, [23] [24] [25] [26] [27] For cartilaginous lesions of the knee, with a diameter of more than 1 cm, it is questionable whether fibrocartilaginous filling of the defect will give relief from pain and prevent progression of the disease. 28 There have been several reports regarding the use of mosaicplasty (autologous osteochondral grafting) for the treatment of moderatelysized defects in the knee and of allografts to treat large defects, 11, 25, 27, [29] [30] [31] [32] [33] [34] [35] [36] but there have been few reports regarding autologous osteochondral grafting in the treatment of defects of the talar dome. 4, 10 We describe the outcome of treatment of osteochondral defects of the talus by autologous osteochondral grafting.
Patients and Methods
We reviewed retrospectively 11 patients who had been treated surgically by autologous osteochondral grafting for symptomatic osteochondral defects of the dome of the talus between 1996 and 1999. There were eight men and three women. The mean age of the men was 34.2 years (16.3 to 57.5) and of the women 25.9 years (17.9 to 39.2). There were seven left and four right ankles with the defect located medially in ten and laterally in one. The mean time to follow-up was 24 months (6 to 47) ( Table I ). The lesions of the talus had been evaluated using plain radiography, CT, three-dimensional CT, CT arthrography, MRI and arthroscopy.
Six patients were actively involved in sports. There was one high-performance athlete (case 7) and two competitive athletes (cases 5 and 9). Three were involved in team sports including soccer (cases 1, 2 and 3). The other five patients were active walkers and participated in light recreational sporting activities. Four patients (cases 3, 4, 6 and 9) were cigarette smokers. In two patients the defects were post-traumatic, in eight due to OCD and in one to AVN. The indications for surgery included a symptomatic focal talar lesion involving the weight-bearing dome of the talus (Berndt and Harty stage II to stage IV for OCD), refractory to non-operative management, with or without an associated loose body and a defect of at least 1 cm in length or diameter, and a rectangular area of at least 70 mm.
2
Operative technique. Under general anaesthesia, the patient was placed supine with a thigh tourniquet on the affected side. The affected ankle and the ipsilateral knee were prepared and draped. Open debridement of the defect of the talar dome was performed using either an oblique medial malleolar osteotomy for the medial talar dome or a distal fibular osteotomy in conjunction with osteotomy of Chaput's tubercle for the lateral talar dome. After preparing the defect by excising the necrotic sequestrum and curetting and drilling the surface of the crater to bleeding bone, drill holes were made in the talus using the SDS 'Soft Delivery System' (Sulzermedica). Donor osteochondral cylindrical grafts were harvested from the non-weight-bearing trochlear border of the ipsilateral knee using an open arthrotomy, and press-fitted into the recipient talar site to fill the defect. The sites of the osteotomy were then rigidly fixed using either titanium screws for the medial malleolar osteotomy or an LC-DCP plate for the fibula. A wellpadded short-leg splint was applied (Figs 1 to 7) .
The postoperative regime involved partial weight-bearing for eight weeks with early physiotherapy to both the ankle and the knee. Unprotected weight-bearing was 238 E. GAUTIER, D. KOLKER, R. P. JAKOB THE JOURNAL OF BONE AND JOINT SURGERY allowed at 12 weeks, after radiological and clinical confirmation of union of the osteotomy sites. Jogging was permitted between six and 12 months after operation, and running and impact activities after one year. Plain radiography of the ankle and knee and CT and/or MRI of the ankle were carried out at follow-up. 'Secondlook' arthroscopy was performed in three patients.
The mean size of the defects of the talar dome was 18 mm ϫ 10 mm (7 mm ϫ 10 mm to 12 mm ϫ 35 mm). Two defects involved more than 50% of the thickness of the cartilage extending to the subchondral plate, and the remainder were full-thickness defects extending through the plate. Two of the OCD lesions were stage III and the remainder stage IV. There was one unilaterally uncontained lesion (case 2) with an uncovered medial edge of the talar dome; the other ten defects were contained.
The functional outcome was obtained, for both the ankle and the knee, using the MODEMS AAOS foot and ankle follow-up questionnaire, 37 the AOFAS (American Orthopaedic Foot and Ankle Society) ankle-hindfoot scale 38 and
Hannover scores 10 form, 39 the modified Cincinnati knee documentation rating, 26 ,40 the Bandi knee global assessment score, 10,41 and the Hospital for Special Surgery (HSS) score 42 for the knee. The scoring of the MODEMS AAOS foot and ankle follow-up questionnaire used the foot and ankle scoring algorithm outcome version 2.0, with a score range from 0 to 100. The AOFAS ankle-hindfoot score has a range from 0 to 100 (Table II) . For the Hannover ankle score, that of 85 to 104 was rated as excellent, 65 to 84 good, 35 to 64 satisfactory, and <35 as poor. For statistical analysis we used the SAS system statistical software package version 6.12 for Windows (SAS Institute, Cary, North Carolina).
Results
The mean number of grafts used to fill the defect was four (1 to 8) with sizes ranging from 4.6 to 7.45 mm wide and 12 to 18 mm deep depending on the extent of the defect. The mean operating time was 177.3 minutes (125 to 260).
Subjective results for the ankle included pain in three patients, swelling in two, stiffness in two and decreased range of movement in four. There were no instances of locking or giving-way. Two patients had a decreased range of movement (<10°), three mild degenerative changes and in one (case 9) resorption of the graft was seen on CT. The An intraoperative view of the articular surface of the medial talar dome with an OCD lesion exposed through a medial malleolar osteotomy. Irregularity and fraying of the involved area are seen. Debridement of the defect carried out by excising the necrotic sequestrum and curetting the crater to bleeding bone revealed a medial talar defect of 20 ϫ 15 mm. An intraoperative view of the talar dome after reconstruction of a medial defect using five autologous osteochondral grafts, two of 5.5 mm diameter and three of 7.45 mm diameter. CT of the ankle showed incorporation of the graft and intergraft intergration in all patients except one in whom there was partial resorption of the graft. In three patients MRI of the ankle at follow-up showed filling-in of the defects with congruent homogeneous joint surfaces. Second-look arthroscopy in three patients showed congruity of the articular surface.
Subjective results for the donor site in the knee showed mild pain when walking down stairs in one patient, mild to moderate difficulty on kneeling in two, mild difficulty on squatting and jumping in two, and mild stiffness after strenuous activity in one. There was no functional deficit and no degenerative changes on follow-up radiographs. The mean IKDC score was 98.9 (95.2 to 100) and the mean Cincinnati knee score was 9.64 (8 to 10). The mean IKDC objective score was grade A (normal) in all patients. The mean Bandi knee assessment score was 0.18 (0 to 1) and the mean HSS score was 100 (excellent) ( Table III) .
Patient satisfaction was subjectively determined on a scale from 'very satisfied' to 'very dissatisfied'. Overall satisfaction was 91% with nine patients being very satisfied, one somewhat satisfied (case 4), and one somewhat dissatisfied (case 6). With regard to the overall level of activity at final follow-up, nine patients were able to return to their levels of activity before the injury. Of the remaining two patients (cases 4 and 6), both had functionally improved. All the patients who had participated actively in sports before their injury (cases 1, 2, 3, 5, 7 and 9) were * rectangular area † elliptical area ‡ total graft surface area is the summation of the surface area of each graft able to return to their previous levels of sporting activity. There were no cases of deep-vein thrombosis, infection, or failure of the osteotomy to unite.
Discussion
Overall, good to excellent functional results were obtained for the ankle. In two patients (18%), the outcome was good. One (case 4) was a 49-year-old man with AVN of the talus and an associated deformity of the foot secondary to a Lisfranc fracture-dislocation. He was on workers' compensation and was a cigarette smoker. He had a MODEMS comorbidity index of 9.52. There was a lateral defect of the talar dome measuring 35 ϫ 12 mm for which eight grafts were used. The other (case 6) was a 57-year-old man with talar OCD who was also a cigarette smoker. He had a defect of 15.7 mm for which two grafts of 7.45 mm diameter were used.
The variable factors involved with this procedure include the amount of incorporation of the grafts, the dead space between the cylindrical grafts which became filled with fibrocartilage, the integration of donor and recipient hyaline cartilage, the aetiology of the lesion, the size and depth of the defect, the degree of containment, the size of the grafts, a history of smoking, age, activity level, and reliability of the patient. 34, 36, 43, 44 There was one case of partial resorption of the graft which was diagnosed by CT. This may have been associated with a hypovascular recipient bed or the generation of heat from the power drill in the retrieval of the graft from the donor site. If the cartilage surfaces are not anatomically aligned, the cartilage tissue may degenerate. 27, 34 We feel that a patient with a talar lesion secondary to AVN is at higher risk of failure because of poor incorporation of the graft in a hypovascular bed. Using the general linear models procedure, adjusting for patient age and the area of the defect, there was a statistically significant association between age less than 45 years and higher outcome scores, and age more than 45 years and lower outcome scores (p = 0.0001). Cigarette smoking may be a confounding variable. Age more than 45 years and a history of smoking may preclude an excellent result. The best candidate for talar autologous osteochondral grafting is therefore a patient with OCD who is less than 45 years of age, a non-smoker, actively engaged in sport and is reliable and motivated.
There are no data available on the limits of the size of a defect which is suitable for autologous osteochondral grafting, or for the maximal size of defect in which fibrocartilaginous filling will give relief from pain and prevent progression of the disease. According to the International Cartilage Repair Society (ICRS) 45 consensus, the lower limit of the size of a defect in the knee which is suitable for mosaicplasty is 1 cm in diameter, but there are no firm data to support this. In the study of Hangody et al 10 the minimum size of defect in the ankle which is suitable for mosaicplasty is 10 mm in diameter. In the case reported by Chang and Lenczner 4 the size of the talar defect was 9 mm in diameter. In our series, the lower limit was 1 cm in length or diameter and a rectangular area of 70 mm 2 or an elliptical area of 55 mm 2 . The largest defect was 35 ϫ 12 mm. The minimum depth of the defect involved more than 50% of the thickness of the cartilage and most defects extended through the subchondral plate. There are no reported absolute limits of the size of defect in the ankle which is suitable for mosaicplasty.
With regard to the grafting technique, it is important to prepare the recipient bed by establishing clean articular borders (for the contained lesion) around the defect and by curetting its base to a stable vascularised zone in order to potentiate vascular ingrowth for incorporation of the graft and healing of fibrocartilage between the grafts. 38 It is also important to retrieve the graft perpendicular to the plane of the articular surface to achieve an adequate fit and surface congruity within the recipient bed. Fixation of the graft is by press-fit. There is a potential risk for compression of cartilage during the implantation of the grafts, and placement should be done with care.
There will be dead space between the cylindrical grafts which may ultimately be filled with fibrocartilage. 34, 36 It is best to limit this dead space as much as possible. If the base of the graft is considered as a two-dimensional representation, the effective surface area of the cartilage is equal to the surface area of the base ( r 2 ). For each case, the theoretical surface area of the graft was calculated based on the number and size of the grafts which are used. We also calculated the rectangular area (length ϫ width) and elliptical area ( ϫ1/2 ϫ [length ϫ width]) for each defect. From these data, calculation of the percentage of the rectangular area (PRA) or of the elliptical area (PEA) occupied by the grafts could be made. The mean PRA occupied by the grafts was 76.1% and the mean PEA was 96.9% (Table  IV) and it therefore appears that an elliptical defect can be better filled with cylindrical grafts. One of the technical disadvantages of autologous osteochondral grafting of the talus, in contradistinction to the knee, is the need to expose both joints. As a result, there are concerns regarding the consequences of invading a normal joint.
Reparative fibrocartilage, however, may be capable of carrying the necessary loads in the non-weight-bearing regions of the knee. 25 In the study of Hangody et al, 10 which used the Bandi 41 knee scoring system, there was a poor outcome in the knee in two of the 11 patients (18%).
In our study the outcome in the knee was uniformly excellent. Some of the confounders in this study are the variability and length of follow-up and the small number of patients. We believe, however, that the technique of autologous osteochondral grafting for the talus is valuable and should be considered as an option for the patient with a symptomatic osteochondral defect.
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